Introduction
Recently, plant material extracts containing phe nolic compounds have been screened as potential new sources of natural antioxidants. Beet extracts, especially the extracts from the peel, have shown strong antioxidant activity in these evaluations re sulting in increased attention to the natural pro ducts present in beetroot (Vinson et al., 1998; Kähkönen et al., 1999) . As part of our ongoing investigation into the distribution and properties of known phenolics in red beetroot peel (Kähkönen et al., 1999; Kujala et al., 2000) , a novel compound, 5,5',6,6'-tetrahydroxy-3,3'-biindolyl (1, Fig. 1 ), was isolated. It was shown to be a phenolic compound by a modified Folin-Ciocalteu phenol test (Nurmi et al., 1996) and was thus of prime interest to our work despite its highly unstable na ture when isolated.
Materials and Methods

Extraction and isolation
Red beetroots (Beta vulgaris, cultivar "Rubia") were washed, hand-peeled, and the collected peels cut into small pieces and stored at -2 5° C until lyophilisation. After the lyophilised plant material was reduced to powder by mortar and pestle, 96 g of the peel was extracted in 8 .0 g portions by ho mogenising (Ultra-Turrax T25, Janke & Kunkel, IKA-Labortechnik, Germany) each portion twice for four min with 160 ml of 80% aq. MeOH. Sam ples were centrifuged (10 min, 1500xg) and the combined extracts evaporated to syrup under re from red beetroot (Beta vulgaris) peel -biindolyl based on the combination of duced pressure. The syrups were stirred with MeCN (3 x 50 ml for 30 min) in a planar mixer (Promax 2020, Heidolp, Germany) . The combined MeCN extracts of all syrups were taken to dryness under reduced pressure and the residue was ex tracted with EtOAc. The EtO A c was evaporated to dryness under reduced pressure and the watersoluble fraction of the extract was removed to water. A small portion of the sample was acetylated with the remainder subjected to semiprep arative purification using a LiChrocart column {Lichrospher 100 RP-18, 250 x 10 mm I. D., 10 /um, Merck, Darmstadt, Germany; elution with MeCN (A ) and H COOH -water (B ) (1:99, v/v), 0 -10 min, 95% B followed by 1 0 -2 5 min, 5 -1 6 % A in B (linear gradient) with detection at 305 nm}. From the combined fractions, a distinct and attrac tive yellow/orange isolate (as an aqueous solution) was obtained which quickly discoloured to a dark brown solution (several hours) followed by the formation of black precipitate (one to several days).
A syrup was also prepared as mentioned earlier from 4.0 g of dried peel and dissolved in water (6.0 ml) for HPLC-MS analysis.
NMR
NM R spectra were acquired on a JE O L Alpha 500 NMR spectrometer operating at 500.16 MHz for : H and 125.78 MHz for 13 C. Spectra were re corded at 25° C in D 20 ; both XH and 13C spectra were referenced internally to TM S (0 ppm for both). ID proton and carbon spectra were ac- 
MS-MS and HPLC-ESI-MS
Mass spectra were acquired on a V G ZabSpec instrument for E I+ and F A B + (glycerol) measure ments using a direct insert probe. Accurate mass measurements in E I+ mode were performed by peak matching technique using PFK as a reference substance. E S I+,~ (aq. MeOH by direct infusion or via HPLC inlet) measurements were acquired on a Sciex API 365 triple-quadrupole LC/MS/MS sys tem. Masses were scanned from m/z 80 to 1100 in 0.3 amu steps. HPLC conditions have been de scribed previously (Kujala et al., 2000) .
Results and Discussion
Compound 1 is novel, despite its corresponding monomer 5,6-dihydroxyindole being well known (Beer et al., 1954; Benigni and Minnis, 1965 , 1981) , and indeed the 3,3'-dimer of unsubstituted indole itself is known (Kaneko et al., 1981) . These compounds have been intensely studied because they and their ortho-quinoid oxi dation products form the basis of the animal pig ment eumelanine (Bergman et al., 1995) . Many of these references also emphasised the labile and/or intractable nature of the samples at hand.
After isolation, the sample was subjected to only a limited array of NMR techniques because of both the sample amount and the labile nature of the sample. Nevertheless a sufficient amount of data was acquired that enabled the structural elu cidation of 1 -after some debate and in conjunc tion with the MS data. From the *H NMR spectrum, only three aromatic signals were attrib utable to the structure each of which had either the smallest of discernible couplings or unresolvable couplings to the other two signals. From the 13C NM R spectrum, seven signals (three methine and four quaternary) were readily detectable; with the eighth only realisable as a signal belonging to the structure by the correlation prominent in the H M BC spectrum. Evidently this quaternary car bon (C3/C3') has an extremely long relaxation time and under the normal conditions with which 13C spectra are acquired in our laboratory (45° pulse, 3.8 sec recycle time), this signal was not ob servable. With a sample devoid of protons, the piv otal experiment that afforded the structure of the compound was HMBC, the reproduction of which is depicted in Fig. 2 . Of note is that the two pro tons at 7.14 (H4/H4') and 7.03 ppm (H7/H7') each have two strong correlations to two quaternary carbons, but they lack any commonality; and the third proton at 7.22 ppm has three correlations with two of them in common with the other two protons. Thus, although the lack of any strong cou pling between the protons, together with the fact that no N O E could be detected between them spoke for a system in which all three are essen tially isolated from one another, they are clearly localised in a compact system. One manner by which this is attainable is to have two of the pro tons positioned para to one another in a tetrasubstituted six-membered aromatic. This provides a ready solution for each of these two protons at 7.14 and 7.03 ppm which are long-range coupled and which both correlate to two quaternary car bons, but without any commonality. The relation ship of the third proton then clearly must be such that it is present in a second aromatic ring, which is fused to this first six-membered one. It is quickly apparent that a second fused six-membered ring would not be consistent with the third proton be ing able to correlate to the two carbons it shares in common with the other two protons (i.e. what is observed) and simultaneously preclude any longrange correlations between protons and methine carbons and any NOEs between the protons. A l though the latter two points constitute negative evidence, mass spectroscopic evidence (see below) actually indicated a lack of available atoms to form a six-membered aromatic ring in any case. Thus the monomeric portion was postulated as de picted in Fig. 1 using the atom composition avail able from accurate mass measurements (see be low) together with the 13C chemical shifts. The lack of a second methine group (by NMR) or other suitable atoms (by MS) together with the final realisation that the correct molecular weight of the compound was 296 amu led to the arrival at the final, symmetric and dimeric structure which was consistent with the observed chemical shifts, in particular the 13C shifts. The mass spectroscopic evidence did not ini tially alleviate the quandaries presented by the NMR (namely seven carbons), and indeed the evi dence appeared to be quite ambiguous and for a considerable period of time the two techniques ap peared to be inconsistent with one another. The compound is quite unstable, even within the con fines of the NMR tube, and the equivalent molec ular ion was not always forthcoming under FA B + or E S I+ ' conditions. Depending on the particular day and set of conditions, either the equivalent parent ion or the equivalent parent ion of the ap parent monomer was observable under E S I+' con ditions, these irregularities in detection occurred even for successive analytical sample considerably hampering the identification and isolation pro cesses. Although by NMR there is clearly no de tectable amount of the monomer present, we can not discount the possibility that by E S I+ the 149 ion is not a fragment ion (whole or in part) and it really does emanate from the actual presence of monomer in the MS samples and is therefore pre sent in the beetroot extract itself. Monomer could also be converted to the dimer (1 ) at some point in the processing or possibly even separated from 1 in the purification process.
When observable, the positive-and negative-ion E S I spectra of the extract showed peaks at m/z 297 and 295, respectively, which corresponded to the protonated, The F A B + spectra of a sample dissolved in D 20 (i.e. the NMR sample) showed a cluster of feeble peaks at m/z 2 9 8 -3 0 0 (< 10% R A ) and a group of prominent peaks at m/z 1 5 0-153 (2 5 -7 0 % R A ). The decreased intensity of the molecular ions at m/z 2 9 8 -3 0 0 and the presence of a cluster of peaks at m/z 1 3 1 -1 3 3 (2 5 -5 0 % RA , presuma bly corresponding to the losses of D 20 and HDO from m/z 15 0 -1 5 3 ) suggest that the parent biindo lyl structure is very labile and tends to fragment readily even under F A B + conditions.
It is therefore not surprising that mass peaks above m/z 160 were not seen in the E I+ spectra of the sample (introduced directly as a D 20 solu tion). A cluster of peaks at m/z 1 5 0-156 (27% of the total ion current, base peak at m/z 153) corre sponding to the monomer indole initially sug gested an apparent molecular ion (with varying degrees of deuteration). Interestingly, losses of (H ,D)20 from ions with m/z 1 5 0 -1 5 6 are less prominent under E I + conditions in comparison to F A B + spectra. With a sample introduced using H20 , either the apparent monomer parent ion (149) or the fragment ion (148) was predominant. Treatment of 1 with A c20 was performed in order to stabilise the compound to effect observation of a M+ ion, but only fragment ions corresponding to mono-and diacetylated 5,6-dihydroxyindole were observed. The accurate mass measurements of the deuterated and acetylated samples under E I + con ditions are presented in Table I . The consistency of these two sets of results, however, formed the cornerstone for acceptance of the C8HxN 0 2 com position of the "unit", and therefore ultimately the composition of the molecule. 
